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ELECTRODERMAL ACTIVITY DURING DISSONANT MUSIC IN MUSICIANS AND
NON-MUSICIANS

Joshua Lee Chapin, M.M.
Western Michigan University, 2019

The purpose of this study was to investigate the subjective emotional and physiological
responses to consonant and dissonant music excerpts in musicians and non-musicians.
Participants were assigned to one of two groups, high experience (HE) or low experience (LE)
based on their level of music experience and education. Participants from both groups listened to
the same set of randomized musical excerpts half of which were consonant and half of which
were dissonant. Participants self-reported ratings of perceived pleasantness, as well as
Electromyography (EMG) and Electrodermal Activity (EDA) data were collected. Average Skin
Conductance Responses (SCR) were averaged over all trials and conditions and compared in a
mixed ANOVA analysis. It was expected that dissonant excerpts would elicit greater EDA
responses overall and that there would be an even greater EDA response to dissonance in the HE
group. Results showed no significant difference in overall EDA responses to consonance and
dissonance (F(1,28)=.634, p=.433, r=.15). Musical experience did influence responses to
dissonant excerpts showing significantly higher SCRs in the high musical experience group
(F(1,28)=7.505, p=.011, r=.46). The results support the hypothesis that musical experience and
education does influence perceptual and physiological responses to dissonance.
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CHAPTER I
INTRODUCTION
Musical consonance and dissonance has been defined numerous times throughout history
and is a phenomenon that has been researched at least as far back as Pythagoras (Foss,
Altschuler, & James, 2007). Bharucha (1984) describes consonance as a tonal schema made up
of tones and combinations which are perceptually stable and final to the ear. Whereas dissonance
is perceptually unstable and often utilized as a transient ornament in a melodic line to resolve to
its tonal anchor (consonant). In western music, even lay listeners appear keenly aware of
dissonance in a melodic or harmonic line often cringing when experiencing a colloquially termed
‘sour’ note during a musical performance. In this instance, the performer will often attempt to
save face by resolving to the closest consonant note and in other cases, the dissonant tone is left
hanging to purposefully instill an unsettling feeling to the listener. Other research has described
this experience as tones which are simply pleasant, smooth and continuous to the ear when
consonant or unpleasant with a perceptual beating or roughness when dissonant (Helmholtz,
1954/1877). Consonance and dissonance have been studied in infants for numerous years;
indicating a possible innate human preference for consonance across cultures as well as possible
neuro-processing specializations for infantile perception of consonance and dissonance
(Masataka, 2006; Perani, Saccuman & Scifo, 2010; Trainor & Heinmiller, 1998; Trainor, Tsang
& Cheung, 2002; Zentner & Kagan, 1998).
Some studies have shown a preference for consonance over dissonance and similar neural
correlate findings in the primary auditory cortex among primate species and humans (Fishman et
al., 2001; Sugimoto et al., 2010). This preference appears to be maintained into adulthood and
evidenced by self-report (Dellacherie, Hugueville, Peretz, & Samson, 2011; Koelsch, Fritz, von
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Cramon, Muller, & Friederici, 2006; Peretz, 2001) and physiological measures (Baumgartner,
Esslen, & Jancke, 2006; Dellacherie et al., 2010; Nater, Abbruzzese, Krebs, & Ehlert, 2006; Roy,
Mailhot, Gosselin, Paquette, & Peretz, 2008; Steinbeis, Koelsch, & Sloboda, 2006). Some
studies, including the research from which this present study is replicated (Dellacherie et al.,
2010), suggest that increased electrodermal response (EDA) and corrugator (eyebrow) muscle
activity are associated with negatively-valenced emotional responses to music stimuli, and that
increased zygomatic (smile) muscle movements are associated with positively-valenced
emotional responses (Baumgartner et al., 2006; Dellacherie et al., 2011; Roy, et al., 2008;
Sammler, Grigutsch, Fritz, & Koelsch, 2007). More research is required surrounding this
phenomenon to take into account musical experience as another factor that may influence
emotional responses to music. It is suggested in studies of self-reported data that adults with
musical experience consider dissonant chords as more unpleasant than their counterparts with
less musical experience (Dellacherie et al., 2011; Pallesen et al., 2005; Schön, Regnault, Ystad,
& Besson, 2005). Furthermore, some research has also suggested that a musician’s musical
experience or training may help process dissonance as compared to non-musician counterparts
(Brattico et al., 2009; Minati et al., 2009; Regnault, Bigand, & Besson, 2001; Schön et al., 2005;
Steinbeis et al., 2006). While many studies have been conducted to parse out these specific ideas
regarding consonance and dissonance as they are perceived and processed by humans with
differing life experiences, more research is required to develop more reliable and generalizable
theories regarding the preference and perception of consonance and dissonance as well as the
influence of culture and musical experience. This study is concerned with the research questions
outlined below and aims to add to the growing body of research and data in this area.
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Research Questions
1. Will dissonant excerpts increase electrodermal activity to a greater degree than consonant
excerpts?
2. Will physiological responses differ between high music experience and low music
experience participants?

The current study’s data was previously collected as a part of a master's thesis project
organized and carried out by Bumgarner in 2015 and is a replication of research authored by
Dellacherie, Roy, Hugueville, Peretz, and Samson in 2011. The current study seeks to examine
the effect of musical training on physiological responses, which include electrodermal activity
(EDA), and electromyography (EMG) data, and self-reported responses to dissonant and
consonant musical excerpts. The analysis portion of this study focuses primarily on
electrodermal activity (EDA) data collected by Bumgarner in 2015.
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CHAPTER II
REVIEW OF LITERATURE
Consonance and Dissonance
One of the earliest scholars to develop theories about consonance and dissonance was
Pythagoras over two millennia ago. He proposed rules in regard to the aesthetics of tone
combinations which became remarkably accurate in forming the basis of what would become
western music’s propensity to develop essentially consonant harmonic progressions with
resolving dissonant intervals (Foss, Altschuler, & James, 2007). Pythagoras identified qualities
of consonant intervals as possessing simple ratios of tone intervals such as the octave (ratio 2:1),
the perfect fifth (ratio 3:2), and the fourth (3:4) (Terhardt, 1984; Tramo, Cariani, Delgutte &
Braida, 2001). He observed further that these consonant intervals, possessing simple interval
ratios, most often sounded pleasant to the ear while dissonant intervals, possessing complex
interval ratios, such as the minor second (16:15) and a tritone (45:32), more often sounded harsh
and unpleasant to the listener’s ear (Tramo, Cariani, Delgutte & Braida, 2001). His theory was
revisited later by Helmholtz in his thesis titled On the Sensations of Tone (1877). He describes a
“roughness” or “beating” that can be perceived when two tones, in close enough interval, are
played simultaneously. This sensory experience is also described as a continuous tone sensation
for consonant intervals and an intermittent tone sensation during dissonant intervals due to the
intermittent excitation of neurons related to the frequencies presented (Helmholtz, 1877/1954;
Terhardt, 1984; Tramo, Cariani, Delgutte & Braida, 2001). This sensory experience is referred
to in the literature as the psychoacoustic theory of consonance and dissonance.
In regards to dissonant intervals, the theory postulates that sound is received by the
auditory system and converted into nerve impulses that are perceived as being rough due to the
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closeness of the dissonant frequencies which cause a rapid beating or oscillations of amplitude
(Johnson-Laird, Kang, & Leong, 2012). This is a physical perception that is often referred to as
“sensory” dissonance; particularly when chords are played in isolation (Dellacherie et al., 2011;
Tramo, Cariani, Delgutte & Braida, 2001). Sensory dissonance, to which the present study is
concerned, should be distinguished from musical dissonance which composers use in a harmonic
or melodic process to induce tension and expectation effects (Dellacherie et al., 2011;
Terhardt,1984).
Tones made by dissonant frequencies interfere with each other and are more difficult for
neurons of the auditory system to differentially encode the fundamental tone(s) when compared
with consonant frequencies which are farther apart. This effect results in the perceived
“roughness” which is typical when describing the subjective experience of sensory dissonance
and has been described throughout the research timeline (Beidelman & Krishnan, 2009;
Dellacherie et al., 2011; Fritz, Renders, Muller, Schmude, Leman, Turner, & Villringer, 2013;
Johnson-Laird et al., 2012; Schön et al., 2005; Terhardt, 1984; Tramo, Cariani, Delgutte &
Braida, 2001).
While this effect seems to be found throughout the literature in various population
samples, not everyone experiences dissonance with the same level of physiological arousal.
Makowski and Epstein (2012) describe how musicians are taught to not only resolve harmonies
that are musically dissonant with a resolution to consonance, but to “practice dissonance” to
create overall coherence and steady motion in a musical composition. Some research suggests
that people who have received a higher level of musical training may react more strongly, both
subjectively and physiologically to the experience of dissonance (Bigand, Parncutt & Lerdahl,
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1996; Bigand & Parncutt, 1999; Dawson, 2011; Minati et al., 2009; Schön et al., 2005; Steinbeis
et al., 2006).
Infant and Animal Preference for Consonance
Music instruction has been repeatedly studied as a factor of influence in reactions to
dissonance indicating music education may reinforce an aversion to dissonance (Dellacherie et
al., 2011; Pallesen et al., 2005; Schön et al., 2005). However research involving the study of
consonant and dissonant music in infants and animals indicate that the preference for consonance
does not appear to be simply a learned reaction (Masataka, 2006; Schellenberg & Trainor,1996;
Sugimoto et al., 2010; Trainor & Heinmiller, 1998; Trainor et al., 2002; Zentner & Kagan,
1998).
In one study by Zentner and Kagan (1998) thirty-two four-month old infants were video
recorded as they were presented two melody sets; one consonant and one dissonant variation for
each set, totaling four trials. The video captured was analyzed for five types of data observed in
the video. First, fixation time directed at sound source. Second, motor activity during each
melody set. Third, turning away from the speaker. Fourth, vocalizations and fifth, fretting. The
researchers found that infants were more likely to fixate toward the sound source for a
significantly longer period of time during consonant intervals and they were also more likely to
display fewer motor movements during the consonant intervals. The Zentner and Kagan state
that this is attributed to a preference for consonant music over dissonant music and a more
negatively valenced reaction to dissonant music as more aversive behavior was observed during
the dissonant music melodies.
Similar results were obtained by Trainor and Heinmiller (1998) in a two experiment
study with 12 six-month old infants and then 16 six-month old infants. In the first experiment,
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infants were present in their mother’s lap with a speaker on either side of them. Researchers
observed how long and how often the infants turned toward either sound source as they
presented randomized excerpts of consonant intervals containing octaves and perfect fifths and
dissonant intervals containing tri-tones and minor ninths. The study results reported that 11 of
the 12 infants spent significantly more time turned toward the stimulus source producing
consonant music than dissonant music. In the second experiment, 16 six-month old infants were
observed in a similar manner of the first experiment except the stimulus changed from simple
sequential consonant or dissonant intervals to a Mozart minuet presented in the key of C major
and also an altered dissonant version which dropped all G’s and D’s down one semitone causing
dissonant intervals including many tri-tones and minor ninths. The results found that 12 out of 16
infants attended and turned toward the consonant version for a significantly longer period than
the dissonant version, suggesting an infant’s preference for consonance over dissonance even in
a musical context with consistent pitch contour, and rhythmic structure.
These results were replicated in a later study by Trainor, Tsang, and Cheung (2002) with
40 infant participants, half being about 2 months old and half being around 4 months old. This
study maintained a similar method and procedure to the previous study but included a single
sound source. The infants were watched on a monitor by two independent observers who would
press buttons to present the stimuli in response to the infant’s fixation on the sound source and
the duration of fixation was recorded rather than head turn behavior due to the infants
undeveloped motor skills. The results of the study stated that both 2 and 4 month old infants
fixated for a longer durations on consonant rather than dissonant music stimuli, indicating an
innate preference for consonant music in infants.
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These studies and others possess confounding variables such as early exposure to music
listening, with some studies suggesting that the infant preference for consonance is not innate but
more habitual due to prior exposure (Plantinga & Trehub, 2014). This brings into question the
influence of parents’ musical preference and experience on the infant early in life and creates a
need for more research in this area in general. Some research has attempted to control for
variables such as the influence of parents’ musical preference or experience. For example, a
study by Masataka (2006) observed 42 2-day-old normally developing infants of both hearing
(n=15) and deaf (n=27) parents. The study followed similar methods and procedures mentioned
earlier (Trainor et al., 2002; Trainer and Heinmiller, 1998) with a similarly modified Mozart
melody to produce a consonant version in a major key and a version which contained more
dissonant harmonies. Researchers measured infant-visual-fixation for auditory preference and the
results again showed a significant preference for consonant over dissonant music in both the
experimental (infants with non-hearing parents) and control (infants with hearing parents)
groups. In another study by Stefano et al. (2016) 22 children, aged between 19 and 40 months,
were able to manipulate a “musical toy” in order to display a preference for the same consonant
and dissonant interval progressions utilized by Trainor & Heinmiller (1998). The results
confirmed previous results in the literature as the toddler’s manipulation of the “musical toy”
was more often done in a way that would generate consonant music over dissonant music.
Research about the apparent innate preference for consonant music has expanded over time and
has enticed more research into animal studies including bird and primate preference for
consonant and dissonant music (Brooks & Cook, 2010; Chiandetti & Villortigara, 2011;
Fishaman et al., 2001; Izumi, 2000; Sugimoto et al., 2010).
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Animal studies in this research area are relatively new and generally lack replication.
However, animal research is important in this subject area because it gives insight as to the
responses across species which can inform research conclusions and add some validity to
theories. In a study by Izumi (2000) three chimpanzees were first taught a discrimination task
between auditory stimuli that were either consonant (octaves ect.) or dissonant (major sevenths
etc.) in nature. The monkeys appeared to be able to successfully discriminate between chord
changes by manipulating a lever to attain a reward at the correct times; however they had more
difficulty in discriminating unison, octaves and fifths due to their more simple frequency ratio
that made discrimination less obvious. In a follow-up experiment, the same monkeys’ perception
of sensory consonance was examined using two pairs of consonant and dissonant chords as
stimuli to examine the ability to discriminate between consonant and dissonant chords and vice
versa. The researcher concluded that, much like humans, the monkeys were able to learn to
discriminate sensory consonance and dissonance of musical chords.
In another experiment, researchers Brooks and Cook (2010) trained five male pigeons
first to peck when presented with a C major chord (go stimulus) and to not peck during other
chords (no-go stimuli; C minor, Csus4, C flat 5, and C sharp 5). Three of the five male pigeons
successfully learned to discriminate among the five chord types. The same three pigeons were
then tested in a similar manner with a new tonal center (D Major). The researchers concluded
that the majority of pigeons were able to learn to discriminate between the complex triads and
that the manipulation of the 5th of the chord was more easily discriminated by the pigeons while
the suspended fourth was the most difficult. These results show a similar trend to the previous
study utilizing primates indicating that the ability to distinguish between chords may also exist in
animals in the same way that it exists in humans.

9

In a third study of an infant chimpanzee, researchers studied the spontaneous preference
for consonant over dissonant music much like others have studied human infants (Sugimoto et
al., 2010). Researchers played six different variable melodies (half consonant and half dissonant)
and the infant chimp was able to control the duration of listening by pulling on a string attached
to her right arm. The researchers found that the infant chimpanzee consistently acted to hear
more consonant music played for a longer period of time than dissonant music. This study is
consistent with other human infant studies described above which all support the hypothesis that
preference for consonant over dissonant music may have some evolutionary origins.
While the prior studies appear to lend support to the theory of cross species preference
for consonant over dissonant music there is more to be investigated due to results from other
research that indicate no difference in preference. For example, research published in 2004 by
McDermott and Hauser outlined a method of testing the spontaneous sound preferences of
cotton-top tamarins by placing them in a V-shaped maze. Each position in the maze (e.g. down
the left arm of the V or the right) held different auditory environments. When the animals
entered one arm of the maze, they would experience species-specific feeding chirps and down
the other arm of the maze they would experience species-specific distress calls. In separate
experiments a screeching sound/white noise and consonant/dissonant music intervals were used.
Researchers observed the time the animals spent in the arms of the maze given the different
conditions. Results from four separate experiments concluded that while the monkeys preferred
soft over loud white noise and species-specific feeding chirps over species-specific distress calls;
there was no preference for amplitude-matched white noise over a screeching sound and no
preference for consonant over dissonant music intervals. These examples show a divided
preference for consonant or dissonant music in infants and some animals. This idea is of interest
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because an infant or animal’s culture and relatively low musical experience is less likely to
influence their attention preferences.
Emotional Valence Judgements to Musical Dissonance
The question of why infants or animals tend to make this judgement toward preferring
consonance over dissonance involves understanding how the stimuli makes them feel and has
been mostly explored in adult humans. It is widely known that music and human emotional
experiences are connected, and subjective judgements to consonant and dissonant music are
prevalent in the research ( Blood, Zatorre, Bermudez, & Evans., 1999; Bumgarner, 2015;
Dellacherie et al., 2011; Passynkova, Neubauer, & Scheich, 2007; Peretz et al., 2001). A 2001
study by Peretz, Blood, Penhune, and Zatorre examined the perception of consonance and
dissonance and emotional valence judgements in a patient who had bilateral lesions in the
auditory cortex which caused difficulty with music perception and memory. This patient was
shown to be unable to discriminate between consonant and dissonant music but rated excerpts as
more happy or more sad the same way healthy control subjects did. That is, the patient rated
consonant music as sounding more happy and dissonant music as more sad despite appearing
unable to perceive acoustical differences; indicating different neural processing for the
perception of dissonance harmonically and emotionally. Subjective ratings were utilized in
another study by Passynkova, Neubauer, and Scheich (2007) and also showed this correlation
alongside relationships with EEG data. In this study, fifteen musically untrained adults were
presented with consonant (4 note chord), dissonant (same 4 note chord with the bass note shifted
up one semitone), and a control (single notes) musical stimulus blocks and were asked to rate
these excerpts on pleasantness and familiarity as researchers recorded intra and interhemispheric EEG data. Participants rated the consonant stimulus blocks as significantly more
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pleasant than the dissonant blocks or the control blocks. The subjects also provided a rating of
music familiarity which was also positively correlated with pleasantness. Surprisingly, ratings of
harmony and disharmony were not well correlated with the pleasantness ratings. The researchers
speculated that while the subjects may have classified some music as more pleasant sounding
than other music, the subjects may not have necessarily preferred that music over the more
dissonant stimulus blocks.
Some cross-cultural evidence has added support to the theory of a biologically based
preference for consonant music in humans regardless of cultural and experiential conditioning
(Bowling, 2015; Fritz, Jentschke, Gosselin, Sammler, Peretz, Turner, Friederici, & Koelsch,
2009; Tramo et al., 2001). In a study by Fritz et al. (2009) emotional valence judgement
responses to music were analyzed from sample groups from either western-musically cultured
participants or from participants of a native African community minimally influenced by western
music. All participants experienced musical examples that represented one of three emotions,
happy, sad, or scared/fearful and then a spectrally modified version of both western music and
traditional African Mafa music. The results showed that the subjects accurately identified the
muscally expressed emotions even when the example was from music outside their own cultural
experience. Both groups universally perceived the more consonant music as more pleasant
sounding compared to modified melodies spectrally changed to accentuate dissonance. Again,
consonant music was described as being happy and dissonant music was described as being sad
or scary. In contradiction to this, other research has discussed evidence inconsistent with these
cross-cultural phenomena (Brown & Jordania, 2013; Maher, 1976; McDermott, Schultz,
Undurraga, & Godoy, 2016).
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Neural Response to Dissonance
Studies of the neural processing of music have shown auditory processing begins when
sound is transduced into nerve impulses by the cochlea. Auditory information may consist of
many things with varying frequency and texture profiles and recent research has attempted to
identify processing areas of the brain specific to music and different from other auditory stimuli
(e.g., human speech or sounds of nature). Some studies have identified music-specific structures
in the bilateral temporal lobes in or near the primary auditory cortex (Fedorenko et al., 2012).
Others have implicated more specific activity in the anterior superior temporal gyrus related to
music-specific neuronal responses (Angulo-Perkins et al., 2014; Leaver & Rauschecker, 2010),
even including speech phenomena that is perceived as song (Tierney et al., 2013). However,
more research is needed in order to understand the role of the primary auditory cortex as opposed
to associated areas elsewhere in processing musical and other acoustical stimuli. More current
research is trying to more specifically identify speech and music specific areas of the primary
auditory cortex. One recent publication authored by Norman-Haignere, Kanwisher & McDermott
(2015) was able to provide evidence to distinct cortical pathways specific for music and speech.
The study utilized fMRI output data to analyze neuronal responses to many different auditory
stimuli including 165 different commonly heard natural sounds (e.g. car window, man speaking,
pouring water, pop song, a zipper). The resolution of the voxel element in the study allowed the
researchers to identify regions of the primary auditory cortex selective for music and speech.
Music showed higher overall activity in low-frequency tonotopic fields of the PAC while speech
showed more activity in high-frequency tonotopic fields.
Recent animal research has lent support for neuronal processing specific for music and
has shown evidence of unique neurons in the auditory cortex related to the perception of
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harmonicity, which could eventually lead to a better understanding of consonant and dissonant
music processing in the auditory cortex (Feng & Wang, 2017). Frequency oscillation observed
when measuring dissonance can be detected by EEG in humans and surgically placed electrode
measurements of the auditory nerve in monkeys. They are represented in the spectral frequency
captured in the auditory perception system within the primary auditory cortex (Fishman et al.,
2001). Of course, this processing is observed in other areas involved in auditory processing of
consonance and dissonance such as the inferior colliculus of anesthetized cats (McKinney et al.,
2001), the auditory nerve (Tramo et al., 2001) and the superior temporal gyri (Gosselin et al.,
2006; Peretz et al., 2001).
Cognitive Response to Dissonance
The effect music has on cognition appears to be widely studied from a phenomenological
perspective due to an increased need to understand music perception and its involvement in
emotion, learning, behavior and cognition (Kolsch, 2014). Tramo et al. (2001) revealed that
auditory nerve pathways are narrowed to specific frequencies and so when two tones are
processed at the same time with interfering partial-tones, that are beyond a critical band width (or
too close together to be resolved), the phase-locking oscillation results in the perception of
roughness. The analysis of the neural activity during the perception of music is often done by
using electroencephalography (EEG) to obtain a spectral frequency representation of eventrelated or auditorily-evoked potentials. This allows for the analysis of neural activity before the
conscious and emotional experience reported by listeners. EEG was used to study dissonance by
Fishman, Volkov, Noh, Garell, Bakken, Arezzo, Howard, & Steinschneider (2001) in which
three adult monkeys and two human subjects were presented with consonant and dissonant
auditory stimuli and asked (or taught) to report their perceived level of pleasantness of the
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stimuli. EEG spectral frequency measurements were recorded through surgically placed
electrodes in the primary auditory cortex. EEG results showed that oscillatory phase-locking
spectral results, of “roughness” or “sensory dissonance” experienced during cognitive perception
was more prevalent during dissonant stimuli which participants tended to dislike. Likewise,
during the more consonant stimuli the phase-locking oscillation was not prevalent and subjects
tended to like these stimuli more.
Peripheral Physiological Response to Dissonance
Electrodermal activity and arousal. Electrodermal Activity (EDA) is primarily driven
by brain areas of the limbic system including the hypothalamus, amygdala, parts of the
hippocampus and the anterior cingulate gyri; as these usually excite the most dramatic
electrodermal responses (Boucsein, 2012). Cortical regions that may also be involved in eliciting
and suppressing the sympathetic activity associated with phasic EDA readings include regions of
the sensorimotor cortex and the frontal cortical regions, including the ventromedial prefrontal
cortex which is involved in motivational behaviors (Critchley, 2002). These areas stimulate
sympathetic neurons in response to behavioral demands by means of efferent neuronal signaling
through the brain stem to various body systems causing sympathetic arousal which involves
increased heart rate, blood pressure, and sweating along with vasomotor changes and
piloerection (Boucsein, 2012; Critchley, 2002). Changes in EDA can be both tonic, described as
Electrodermal level (EDL) over a longer period (e.g., change of a few minutes) or phasic,
described as Electrodermal response (EDR) which can happen about 1-4 seconds after elicitation
(Boucsein, 2012; Critchley, 2002; Khalfa et al., 2002). This stimulation of sweat gland activity
modulates changes in skin conductivity when a current is applied with EDA being representative
of a sympathetic response to external stimuli. This sympathetic activity is also linked closely in

15

the literature, with emotion which makes EDA is a widely used measure of individual emotional
experiences (Khalfa et al., 2002).
Music is known to have a measurable physiological influence on humans and its
influence on human emotion is one of the major reasons why people to listen to music (Sloboda,
1991). Research has focused on how music impacts sympathetic nervous system activity. EDA is
thought to be a reliable measure of autonomic physiological responses elicited by music and
reflects the degree to which a particular emotion is felt rather than the valence direction or
quality of the emotion (Khalfa et al., 2002). EDA responses after an unexpected or perceptually
pleasant or unpleasant event in music is thought to be associated with elevated arousal and the
EDA measurements of this response tend to be greatest during perceptually unpleasant music
(Baumgartner et al., 2006; Dellacherie et al., 2010; Nater et al., 2006; Steinbeis et al., 2006).
A 2002 study carried out by Khalfa et al. used music which was considered to reflect four
specific emotions to produce event related skin conductance response data. The four emotions
(fear, happiness, sadness, and peacefulness) represented by the music were made up of 28, seven
second excerpts of computer-generated music and were validated in previous research to be
representative of one of the four emotions. The 34 non-musician participants were asked to listen
to excerpts and rate them on two 10-point scales. Participants used very calming to very
stimulating music to evaluate arousal and judged the emotional valence from very unpleasant to
very pleasant. Researchers found that the music which elicited more arousing emotions such as
fear or happiness also elicited more skin conductance responses from subjects compared to sad
or peaceful music. Similar results were reported by Baumgartner, Esslen, & Jancke in 2006
which utilized both pictures and classical music to measure SCR’s in 24 female participants.
Further showing the connection between musical stimuli, EDA, and autonomic arousal.
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EDA’s connection with arousal and underlying emotion has been used in other research
related to music perception such as music expectancy (Juslin, Barradas, & Eerola, 2015;
Koelsch, Kilches, Steinbeis, & Schelinski, 2008; Steinbeis et al., 2006; Tillmann & Poulin‐
Charronnat, 2014). In a 2006 study of harmonic expectancy violations in musical emotions
Steinbeis, Koelsch, and Sloboda analyzed EDA and heart rate data from 24 musician and nonmusician participants. The researchers presented participants three matched versions of six
different Bach chorales, which varied only by one single chord that was characterized
harmonically as either expected, unexpected, or very unexpected. The data analysis revealed that
EDA, participant tension, and subjective emotionality increased with the increase of harmonic
unexpectedness in both musicians and non-musicians. Other studies have demonstrated that EDA
is also more pronounced when familiar music is heard opposed to novel music (Bosch,
Salimpoor, & Zatorre, 2013). These articles also provide evidence that music has an effect on
arousal when measured using EDA.
Facial electromyography (EMG). Another way of studying aspects of emotional
reactions to stimuli is by looking at participants’ facial expressions when experiencing
emotionally provocative stimuli including tactile, imagery, and acoustic stimuli. One way to
measure this empirically which has been popular in the literature is by using electromyography
(EMG) to assess the activity of muscles in the face. There were two types of EMG responses
involved in this study to attempt to assess valence of emotional reactions to consonant and
dissonant musical excerpts; the corrugator and zygomatic muscles. These responses were
reported by Biehl, 2015 in her related manuscript and describes the movement in the
zygomaticus major muscle as being associated with positively valenced stimuli and involved in
pulling the corners of one’s lips back and upward (i.e. smiling). The corrugator supercilii muscle
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pulls one’s eyebrows down and together (i.e. frowning) and is associated with negatively
valenced stimuli (Jäncke, Vogt, Musial, Lutz, & Kalveram, 1996; Larsen, Norris, & Cacioppo,
2003). This research often coincides with self-report measures, much like the current study, to
provide insight to the conscious emotional perception associated with the muscle movements.
EMG research of these muscle regions focused much on visual stimuli initially but studies have
evolved to include natural or environmental sounds and music as well but there are few that
focus on consonant and dissonant harmonicity specifically (Bradley, & Lang, 2000; Dellacherie
et al., 2010; Roy, Mailhot, Gosselin, Paquette, & Peretz, 2008).
Bradley and Lang (2000) presented participants with 60 naturally occurring sounds, (e.g.,
screams, erotica, and bombs) to observe the pleasure and arousal rating of the sounds as related
to the autonomic electrodermal reactions and EMG activity. The sounds which were rated as
more unpleasant by participants were also associated with higher corrugator muscle activity,
larger heart rate deceleration, and larger startle reflex. The sounds which were rated as highly
emotionally arousing versus neutral sounds were associated with higher electrodermal activity.
These results show a possible connection between corrugator EMG activity and negatively
valenced auditory stimuli as well as increased EDA in the presence of emotionally arousing
stimuli.
In other research similar body markers have further shown a relationship between
corrugator muscle activity and unpleasant music. Roy et al. (2008) looked at the startle reflex
with corrugator and zygomatic muscle activity as well as skin conductance level and heart rate in
the presence of pleasant and unpleasant musical excerpts. Sixteen participants who were
described as non-musicians listened to 30 music excerpts which were previously evaluated and
rated by other participants on pleasantness vs. unpleasantness and relaxing vs. stimulating. Again
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corrugator muscle activity was significantly higher in the presence of the unpleasant excerpts.
Although not significant, the mean for the overall zygomatic muscle activity was higher for the
pleasant excerpts opposed to unpleasant. The researchers postulated that because of the tendency
of people to sometimes grimace when in the presence of startling or unpleasant stimuli, the
zygomatic muscle would have been activated under both conditions. Similar to these results,
Dellacherie et al., 2010 also observed increased corrugator muscle activation in the presence of
specifically dissonant musical excerpts. In the presence of consonant musical excerpts, the
activation of the participants’ zygomatic muscle activity was actually lower than in the dissonant
excerpt condition. Again, researchers postulated that the dissonant excerpts may have caused a
surprise or startle reactions which may include a grimacing face involved in increased zygomatic
EMG activity. The research in this area is still lacking and more investigation is needed to
understand the specific music qualities that might cause the emotional responses associated with
particular facial muscle movements.
Musical Training and Dissonance
Some randomized control trials have demonstrated that music experience modulates
peoples’ skills and performance such as 8-year-old childrens’ linguistic abilities (Moreno,
Marques, Santos, Santos, Castro, & Besson, 2009) and overall Intelligence Quotient (IQ) of
children who receive music training opposed to other types of training (Shellenberg, 2004) .
Research on musical training show structural and functional differences in brain areas associated
with music perception such as enhanced brainstem encoding in musicians compared to nonmusicians (Bidelman, Krishnan, & Gandour, 2011). Generally, research has shown more
pronounced bilateral processing and enhanced neural activation in auditory processing of music,
allowing musicians to be faster at detecting pitch and harmonic incongruence (Dawson, 2011).
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Furthermore, some research has shown subcortical and cortical neuroplasticity changes in the
auditory processing of musicians compared to non-musicians which may translate into higher
auditory processing skills in speech and music cognition (Lee, Skoe, Kraus, & Ashley, 2009;
Strait & Kraus, 2011).
The effects of musical experience on self-reported valence judgement is also evident in
the literature showing that musicians often rate dissonant music as more unpleasant than
nonmusicians (Dellacherie et al., 2010; Pallesen et al., 2005; Schoon et al., 2005). Other studies
have shown musicians’ increased ability to discriminate consonant and dissonant music (KishonRabin, Amir, Vexler, & Zaltz, 2001; Lee et al., 2009; Schön, et al., 2005; Minati et al., 2009).
However, more research in comparing specific effects on music pleasantness and discrimination
judgement should be done to understand the generalizable advantages of musical training.
The effects on physiologic responses in musicians and non-musicians also seems to point
toward a noticeable difference in regard to arousal and perhaps EMG reactivity. However, more
research is needed in this area to understand the specific psychophysiological reactions to
dissonance. Emotional valence judgements seem to predict the physiological response to music
as research indicates that unpleasant music is often correlated with elevated SCR and EMG
responses of the corrugator muscle (Baumgartner et al., 2006; Bradley & Lang, 2000; Nater et
al., 2006; Roy et al., 2008). Research regarding dissonance and arousal in musicians and nonmusicians is lacking, but the present study is based upon one that has shown musicians had
higher EDA and EMG (both corrugator and zygomatic) reactivity in the presence of dissonant,
unpleasant music (Dellacherie et al., 2011).
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Summary
Studies of individuals’ reactions to music have shown a bias toward the unpleasant
judgement of the dissonant music. This observation appears to be particularly reliable in the
presence of musical training. The negatively valenced judgement of dissonant music is also
correlated with greater automatic physiological activity in human subjects. The EDA research
presented in this manuscript describes a general increase in SCR among those who experience
unpleasant music or sounds, and some research has shown a greater reaction in the presence of
musical experience. The data of EMG responses to unpleasant stimuli are similarly conclusive,
particularly in the case of the corrugator muscle reaction to unpleasant stimuli (Biehl, 2015).
This study seeks to utilize the remaining data from research done by Bumgarner in 2015 to
explore hypotheses informed by previous research findings. This study proposes that EDA
responses in all subjects will be more pronounced in the presence of dissonant music as they
were rated as more unpleasant. Additionally, the EDA response to dissonant music will be
greater in musicians than in non-musicians despite the non-significant effect in pleasantness
ratings among High Music Experience participants and Low Music Experience participants.
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CHAPTER III
METHOD
Participants
Thirty participants (9 male and 21 female) aged 19-51 were procured for this study from
recruitment emails sent to students at Western Michigan University (WMU) in Kalamazoo, MI.
When respondents showed interest in participating in the study an enrollment email with details
about the study was then sent to determine a convenient time for respondents to participate.
Participants were informed during the recruitment process that they would be offered monetary
compensation of a $10 gift card for their participation in the study. The procedure in this study
closely followed the criteria and processes outlined by Dellacherie et al. (2010). Participants
filled out a researcher-created questionnaire (See Appendix D) which included their musical
preferences, music listening habits, level and depth of musical experience and music education,
and current music practice habits. This questionnaire allowed the researchers to categorize
participants as having either high musical experience (HE) or low musical experience (LE) for
the purpose of establishing a homogenous sample (See Appendix G).
The thirty individuals in this study (see Table 1) comprised two groups including 16
participants (6 male, 10 female) in the high musical experience group (HE), and 14 participants
(3 male, 11 female) the low musical experience group (LE). The HE group was composed of
fifteen music majors and one occupational therapy major with ten years of institutional music
training who continued to practice music regularly. Institutional training years for the HE group
ranged between 2-14 years and fifteen of these participants reported attending a live music event
at least once a month. In the LE group, participants consisted of only two who had received
institutional training in music, and both participants reported this training as being in the past.
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Only one member of the LE group reported attending at least one musical performance per
month.
Table 1
Participant Group Gender and Age

Group

Male

Female

Minimum
Age (yrs)

Maximum
Age (yrs)

Mean
Age (yrs)

Standard
Deviation

HE
Participants

6

10

19

28

22.7

3.0

LE
Participants

3

11

19

51

26.1

8.3

Stimuli
In the current study, 10 of the 16 musical excerpts used and listed in the Dellacherie
(2010) study were used and selected based on the presence of a distinct melodic line (see Table
2). These classical music excerpts had been acquired from a list used in previous studies to
examine responses to consonant and dissonant music (Grosselin et al., 2006; Khalfa, S., Guye,
M., Peretz, I., Chapon, F., Girard, N., Chauvel, P., et al., 2008; Koelsch et al., 2009; Peretz et al.,
2001; Peretz, I., Gagnon, L., & Bouchard, B., 1998) (See Appendix E).
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Table 2
Selected Excerpts
Composer

Work

Measures

Tempo (bpm)

Beethoven

Symphony no. 3 (3rd mvt)

38-56

180

Handel

Utrecht’s Te Deum

5-14

112

Mozart

Eine Kleine Nachtmusik (1st mvt)

5-10

154

Mozart

Piano Concerto no. 23 (3rd mvt)

1-8

240

Saint-Saëns

Carnaval des Animaux (Finale)

10-26

220

Saint-Saëns

Carnaval des Animaux (La Voliere)

1-9

88

Schumann

Kinderszenen (Op 15 no. 9)

1-9

240

Verdi

La Traviatta (Brindisi)

1-15

100

Verdi

Rigoletto (Act 1 no. 4)

69-73

150

Vivaldi

L’Autunno (1st mvt)

1-4

126

All excerpts used in this present study were voiced instrumentally, with no lyrics, and
were played through a MIDI keyboard and recorded into GarageBand computer software on the
“Grand Piano” setting. The process of recording through the MIDI keyboard was in part to
remove expressive interpretation from the seven second excerpts by standardizing note
velocities, lengths, and attack volumes. Each of the 10 original music excerpts were modified by
shifting the pitch of the leading tones upward one semitone to form 10 new dissonant excerpts.
Then by shifting the leading tones of the original excerpts downward by one semitone, the
researchers created another set of 10 new dissonant excerpts. Each excerpt was modified in these
two ways to create 20 dissonant versions of the original 10 consonant excerpts. The original
consonant excerpts were presented twice to participants in order to match the number of
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dissonant excerpt stimuli resulting in 40 excerpts presentations with 20 dissonant and 20
consonant.
Measures
Physiological data including electrodermal activity (EDA) and electromyographic (EMG)
activity taken during the present study was measured continuously using the MP150 Biopack
software available in the BRAIN lab at Western Michigan University. Electrodes used for
collecting EDA data were BioNomadix EL507 disposable electrodes placed on the participants’
index and middle finger of the non-dominant hand to allow participants to be able to fill out selfreport pleasantness ratings using their dominant hand. The signal for the electrodes collecting
EDA data was filtered between 0.05 and 10 Hz. EMG data were collected using BioNomadix
EL504-10 electrodes placed on the skin over the corrugator (brow) and zygomatic (cheek)
muscle regions. These EMG signals were monitored continuously and filtered between 100 and
500 Hz. All physiological data measurements were processed with the AcqKnowledge software
and sampled at a rate of 2000 Hz. Subjective ratings were gathered after each listening excerpt
by researchers prompting participants to rate their perceived pleasantness of each excerpt on an
11-point scale of -5 (most unpleasant) to 5 (most pleasant) (See Appendix F).
Procedure
Participants in the present study first read and signed an informed consent form and
musical experience questionnaire before entering the experiment room. Physiological sensors
were attached to the individual to collect the EMG and EDA measurement data. Before
collecting data, a hand-grip squeeze task was initiated by placing the BioNomadix EL507
disposable electrodes on the participants’ index and middle fingers on their on-dominant hand
and asking each individual to make a tight fist with his/her dominant hand to raise his/her EDA.
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This procedure causes visible response from the monitoring screen indicating that the electrodes
are functioning properly. BioNomadix EL504-10 disposable cloth electrodes were also placed on
individual’s corrugator (brow) and zygomatic (cheek) muscle regions of the face in order to
simultaneously collect EMG data. Each participant was given four pleasantness rating sheets (see
Appendix F), with instructions on their use throughout the experiment.
The experimental and data collection portion of the experiment consisted of four listening
blocks which proceeded in a similar way as the Dellacherie et al. (2010) study. These listening
blocks were counterbalanced between subjects by starting half of the participants with a block
which begins with a consonant excerpt and the other half with a dissonant excerpt. Each listening
block was begun with a loud burst of white noise (50ms, 90db) followed by a 10-second
recovery period as an index of individual EDA and startle response. This was followed by ten 7second excerpts played in randomized alternating order. Individual excerpts were presented to
individual participants as follows:
1) Verbal reminder not to move (2 seconds)
2) Rest period (7 seconds)
3) Consonant or dissonant excerpt (7 seconds)
4) Rest period (1-2 seconds)
5) Verbal confirmation of allowed movement (2 seconds)
6) Self-report of pleasantness (10 seconds)
After each set of ten excerpts, participants were given twenty seconds to rest or move if they
desired and this full cycle took place over four sets consisting of twenty dissonant and ten
repeated consonant excerpts. The experimental and data collection portion of the study lasted
approximately 22 minutes and the initial documentation and preliminary measures portion was
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completed in approximately 30 minutes making the time commitment for each participant
approximately one hour.
Electrodes were removed from the participants after all four listening blocks had
concluded and participants were presented their compensation and thanked for their
participation. This study required participants to participate in this study only once therefore
researchers did not find it necessary to follow-up with participants after the experiment had been
run.
Analysis of EDA data. Changes in EDA can be both tonic, described as Electrodermal
level (EDL) over a longer period change of a few minutes or phasic, described as Electrodermal
response (EDR) which can happen about 1-4 seconds after elicitation and usually involves a
temporary increase in conductivity of between 0.1 and 1.0 microsiemens (Boucsein, 2012;
Critchley, 2002; Dawson, Schell, & Filion, 2007; Khalfa et al., 2002). This stimulation of sweat
gland activity modulates changes in skin conductivity when a current is applied and EDA is
representative of a sympathetic response to external stimuli (Boucsein, 2012; Dawson et al.,
2007; Koelsch et al., 2008; Steinbeis et al., 2006). This sympathetic activity is also linked closely
with emotion in the literature, which is why EDA is a widely used measure of individual
emotional experiences (Critchley, 2002).
Data analysis focused on phasic EDR captured by the MP150 Biopack software available
in the BRAIN lab at Western Michigan University. Analysis of the data focused on the mean
Skin Conductance Responses (SCR magnitude) and the overall number of event related SCRs
connected to stimuli under the independent conditions of consonant or dissonant musical
excerpts over all trials.
Initially, the overall EDA recordings for each participant underwent a visual inspection
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by this researcher for evidence of need for control of artifacts including SCL drift, significant
non-specific SCRs frequency and signal errors or distortions as suggested by Braithwaite,
Watson, Jones, and Rowe (2013). The Acknowledge computer software in the BRAIN lab was
used to smooth the EDA signal for all participants to average all measurements as done by
Dellacherie et al. (2010). Since the sampling rate was set at 2000Hz, the mean SCR values for
each participant were smoothed and averaged by samples of 1000hz in order to derive means in
500ms slices. Event related SCRs were identified using a .03 microsiemen threshold with a 10%
SCR detection rejection rate as suggested by Braithwaite et al. (2013).
The following analysis attempted to emulate the EDA analysis performed in the study by
which the original study attempts to replicate (Dellacherie et al., 2010). A mixed design was
utilized assigning participants into one of two groups based on their musical experience, high
experience (HE) or low experience (LE), establishing a between-subjects factor. Means of two
within subjects’ factors, tonality (consonant vs. dissonant) and time window (first vs. second)
were compared. The first time window was defined as the time between stimulus onset and 6
seconds after. The second time window was defined as the time between 6 seconds and 8
seconds after stimulus onset. The amplitude of each SCR over all trials was then computed by
taking the maximum value of the response in each time window and subtracting it from a
baseline level. For the first time window, the baseline was derived from the mean SCL taken in
the 1 second prior to the stimulus onset. For the second time window, the baseline value was
derived from the mean SCL between the 5th and 6th seconds after the stimulus onset. All
resulting mean values were transformed into log (SCR +1) and in accordance with SCR
magnitude measurement guidelines outlined in Braithwaite et al. (2013) and Dawson et al.
(2007) to control for typically positive skew and leptokurtosis. The means were averaged by

28

each within subjects’ factor (tonality and time window) to establish average response means
SCR magnitude for each HE and LE groups.
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CHAPTER IV
RESULTS
The purpose of this study was to examine the effect of musical experience on the
physiological response as well as the self-reported emotional valence judgement to dissonant and
consonant musical stimuli. The original study proposed the following research questions:
1a. Will dissonant excerpts produce more negatively-valence subjective ratings than
consonant excerpts?
1b. Will subjective ratings of dissonant and consonant excerpts differ between musicians
and nonmusicians?
2. Will dissonant excerpts increase electrodermal activity to a greater degree than
consonant excerpts?
3. Will dissonant excerpts increase corrugator muscle activation to a greater degree than
consonant excerpts?
4. Will consonant excerpts increase zygomatic muscle activation to a greater degree than
dissonant excerpts?
5. Will physiological responses differ between musicians and nonmusicians?
Summarized Results from Earlier Analyses
The thesis manuscript authored by Bumgarner in 2015 explored primarily the effect of
dissonant music stimulation on subjective emotional valence judgements among subjects with
either high musical experience (HE) or low musical experience (LE). The mean rating for
consonant and dissonant excerpts among participants was compared using a two-factor, mixedmodel ANOVA finding that consonant excerpts were found significantly more pleasant (M= 2.7,
SE=.23) than dissonant excerpts (M=-.43, SE=.36), (F(1,28)=58.4, p<.001). Bumgarner (2015)
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then compared the pleasantness ratings among HE and LE participants in consonant and
dissonant excerpts. The HE participants rated consonant excerpts as more pleasant (M=2.8) than
the LE participants did (M=2.5). Judgement ratings of the dissonant excerpts for HE participants
(M=-.71) were lower than the LE participant ratings (M=.11). A nonsignificant interaction
between musical experience and the type of excerpt being rated, (F(1,28)=1.47, p=.236) was also
found. Therefore, all participants found dissonant excerpts significantly more unpleasant and
consonant excerpts significantly more pleasant and this was more pronounced in the HE group
but musical experience did not differentially influence ratings.
Biehl (2015) also utilized data from this study to investigate corrugator and zygomatic
facial muscle movements in response to dissonant and consonant music among HE and LE
participants. Activity of the corrugator muscle is correlated with frowning and a negative affect
response. Biehl (2015) hypothesized that this response would be more pronounced during
dissonant excerpts than during consonant excerpts. Activity of the zygomatic muscle is
correlated with smiling and a positive affect response; and hypothesized to be more pronounced
during consonant excerpts.
Biehl (2015) reported a statistically significant main effect of time window on facial
EMG response citing more activity in the second time window during EMG response between
the first (stimulus onset to 2 seconds after) and second (2 to 5 seconds after stimulus onset) time
windows (F(1,28)=6.188, p=.019). A non-statistically significant observation of the tonality of
the excerpt (consonant or dissonant) showed a positive trend in EMG response (F(1,28)=4.165,
p=.056) and suggests a different response depending on the dissonance or consonance of the
excerpt. No significant effect was reported for music experience level either, showing similar
responses between the two groups across all measures (F(1,28)=.130, p=.721). Muscle response
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also showed no significant effect (F(1,28)=.007, p=.936) showing no significant difference
between the corrugator and zygomatic EMG activity. Tonality (consonant or dissonant) also
showed no significant effect (F(1,28)=.618, p=.438) on corrugator or zygomatic muscle activity.
A trend was found in the interaction between tonality and time window, (F(1,28)=3.986, p=.056)
indicating that responses to consonance and dissonance differed between the time windows and
showing a greater response in the second time window.
Biehl (2015) also reported two non-significant trends in her results. The first being an
interaction between tonality, time window, and musical experience (F(1,28)=3.76, p=.063)
which indicated a tonality by time window interaction was differentiated by musical experience
and showed higher estimated marginal means in the HE group with a more pronounced change
between time windows among the dissonant excerpts. Second, a mall trend interaction between
time window, muscle, and musical experience (F(2,56)=2.300, p=.141) indicating that high
music experience participants had a more varied muscle response in the second time window and
that zygomatic muscle response was also higher among HE participants.
EDA Analysis Results
The focus of this study centers on electrodermal activity data collected by Bumgarner
(2015). The specific research questions are restated as follows:
1. Will dissonant excerpts increase electrodermal activity to a greater degree than consonant
excerpts?
2. Will physiological responses differ between high music experience and low music
experience participants?
A two-factor, mixed-model ANOVA analysis with tonality (consonance vs. dissonance)
and time window (first vs. second) as the within-participants factors was carried out on the SCR

32

values with the two groups (HE vs. LE) as the between-subjects factor. Mean SCR values for the
HE and LE groups can be found in Table 3 and represent the difference from the baseline
including the standard deviation for each value. Mauchly’s test of sphericity returned no
significant output with huynh-feldt and greenhouse-geisser results of 1.0; indicating adequate
sephericity and no need to apply the greenhouse-geisser correction.
Table 3
Mean Values (+ SD) of EDA for Consonant and Dissonant Excerpts by Time Window and
Musical Experience
First Window

High
Experience
SCR amplitude
LOG(SCR+1),
µS

Low
Experience

Second Window

Consonant

Dissonant

Consonant

Dissonant

.02577

.03824

.01923

.031067

(+ .02441)

(+ .03397)

(+ .01921)

(+ .03170)

.02084

.01363

.01985

.01371

(+ .04002)

(+ .02288)

(+ .04957)

(+ .02540)

Research Question 1
Will dissonant excerpts increase electrodermal activity to a greater degree than consonant
excerpts?
Tests of the within-subjects factor of tonality returned no significant effect (F(1,28)=.634,
p=.433, r=.15) indicating that without the influence of all other variables, there was no
significant overall difference in mean between dissonant and consonant excerpts. However,
higher average means were observed in both time windows for dissonant excerpts as depicted in
figure 1.
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Figure 1. Mean SCR Amplitude by Time Window and Tonality of Excerpts
Research Question 2
Will physiological responses differ between high music experience and low music
experience participants?
There was a significant interaction between the tonality of the excerpt and the level of
education (HE vs. LE group), (F(1,28)=7.505, p=.011, r=.46). This effect indicates that the SCR
response to dissonance or consonance differed depending on participants level of education. The
contrasts output showed that participants in the HE group displayed different SCR responses
during consonant and dissonant excerpts as compared to their LE counterparts. The graphs
below, labeled Figure 2 and Figure 3 show a higher SCR response to dissonant excerpts in the
HE group and a lower SCR response to dissonance in the LE group. SCR response to consonant
excerpts appear to be only slightly higher in the first time window for the HE group compared to
the LE group with similar responses for consonance in the second time window for both groups.
Figure 4 also depicts the mean SCR responses to dissonant and consonant excerpts for the HE
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and LE groups. No significant differences in responses were observed between the HE and LE
groups (F(1,28)=1.618, p=.214, r=.23).

Figure 2. SCR Amplitudes in High Experience Group

Figure 3. SCR Amplitudes in Low Experience Group
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Figure 4. Between Group Comparison of SCR Means
There was no significant effect of time window, indicating that there was no difference in
mean SCR responses between the first 6 seconds after stimulus presentation and between the 7th
and 8th second, (F(1,28)=.372, p=.547, r=.11). Further, there was no significant interaction effect
between the first and second time window and the dissonance and consonance of the excerpts,
(F(1,28)=3.543E-7, p=.967). This indicates that SCR change was not different between time
windows for consonant or dissonant music excerpts.
Event Related Skin Conductance Responses
The overall number of event-related skin conductance responses (ER-SCR) found by the
Acqknowledge software out of 1200 total excerpts presented to 30 participants was 68. Of these,
35 were among participant data from the HE group (n=14) and 33 were among data from the LE
group (n=16). Within the HE group, 16 of 280 consonant excerpts produced an ER-SCR
compared to 19 of the 280 dissonant excerpts. In the LE group, 16 of 320 consonant excerpts
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produced an ER-SCR compared to 17 of the 320 dissonant excerpts. Additionally, in the LE
group, three participants had ER-SCRs in response to the 90db white noise bursts meant to
produce a startle response (Startle 1=1, Startle 2=3, Startle 4=1). SCR totals for non-specific
responses (NS-SCR) are included in Table 4 with ER-SCR counts by group and musical
condition as well as overall non-specific SCRs by group.
Table 4
SCR Totals for ER-SCR and NS-SCR by Tonality and HE/LE Group Membership
High Experience
n=14

Low Experience
n=16

Totals

Consonant ER-SCR

16

16

32

Dissonant ER-SCR

19

17

36

ER-SCR Totals*

35

33

68

NS-SCR Totals

426

499

925

*ER-SCR reporting includes only those tied to musical stimuli and excludes responses tied to
startle stimuli.
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CHAPTER V
DISCUSSION
Summary of Related Findings
The previous findings reported by Bumgarner (2015) and Biehl (2015) revealed key
insights worthy of recapitulation. Bumgarner discussed emotional valence ratings of participants
that showed dissonant excerpts being rated as significantly more unpleasant than consonant
excerpts and postulated that overall, dissonance is perceived more negatively than consonance.
This finding was replicative of findings in the Dellacherie et al. (2010) study upon which this
study is based. Bumgarner (2015) also found that the range of subjective ratings for dissonant
excerpt varied more widely than for the consonant excerpt and that HE participants rated
dissonant excerpts as more toward the extreme for unpleasantness than did the LE participants.
Biehl (2015) also found a greater physiological response to dissonance than to
consonance as measured by EMG data of the corrugator and zygomatic muscle. However, Biehl
did not find significant difference between the HE and LE groups. Reported means were higher
for the HE group for their response to dissonance but an unexpected elevated response in the
zygomatic over corrugator measurements was also reported. This finding was speculated to
represent the presence of an ironic smile in response to the altered versions of excerpts. Biehl
(2015) also reported on time window mean differences which showed a pronounced response in
the second time window for both muscle measurements. This effect also interacted with musical
experience which indicated an even more pronounced second window response for the HE
participants. Biehl postulated that this may indicate more highly developed or enhanced
processing of dissonance and unpleasant music in participants with high musical experience.
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Consonance and Dissonance
Dissonant excerpts showed higher mean SCR response in both time windows (See figure
1) though this finding was not statistically significant. These results were not quite what was
expected as the study from which this attempted to replicate (Dellacherie et al., 2010) did find a
significant overall difference in SCR response between consonant and dissonant excerpts for
which higher means under the dissonant condition were observed.
In the study carried out by Dellacherie et al. in 2010 the researchers identified two time
windows which appeared to represent an orienting and secondary response indicative of a twostep cascade model. In the defense cascade model, it is postulated that the autonomic response
brought on by dissonance creates an orienting and initial response with a following secondary
response peak and is similar to that of defense responses of animals (Bradley & Lang, 2000). In
the original study there was a significant finding that in both of these time window responses
dissonant responses were higher than consonant responses. While not a focus of this project, it is
important to point out that this trend was not replicated as there was no significant interaction
between time windows by group or by tonality.
Musical Experience
There was a significantly different response to dissonance between the HE and LE
participants. This difference showed a more pronounced elevation of SCR to dissonant music
among HE participants. This finding is similar to those observed by Bumgarner (2015) and Biehl
(2015) who also found higher EMG responses tied to negative emotional valence observations
collected during the study. A more pronounced response to dissonance among the HE
participants was a finding in the study from which this one is based (Dellacherie et al., 2010) and
provides more evidence of the effects of musical training on music perception.
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Musical experience is something that may be highly influenced by culture as well.
Research on the cultural influence of music perception has been studied for decades and its
findings have shown both cross cultural commonalities (Bowling, 2015; Brown & Jordania,
2013; Fritzet al., 2009; Tramo et al., 2001) and cultural differences (Juslin et al., 2015; Maher,
1976; McDermott et al., 2016). One study investigated Indian and Canadian participant’s
reactions to consonant and dissonant music and found that dissonant music was more accepted
and more widely experienced by participants from India (Maher, 1976). McDermott et al. (2016)
conducted a study of native Amizonians with minimal exposure to western civilization and
compared their results with results collected from the more westernized Bolivian participant
group and participants from the United States. The results reported that all participants appeared
to have a similar ability to discriminate consonant and dissonant music, but that the native
Amizonian group showed no preference for consonant over dissonant music as expected. These
studies outline a need for further investigation into the cultural influence on musical expectancy
and the intersect of music perception and experience.
Limitations
One of the primary limitations of this study revolves around a procedure carried out by
Dellacherie et al. (2010) in which all participants underwent a hand-grip squeeze test to obtain an
index of participants’ EDA. This part of the analysis was modified and utilized a 90db white
noise burst to create a maximal response. Unfortunately, this stimulus was not adequate to create
an EDA response that could be used to find outliers or non-responders as this stimulus only
produced an event related SCR for 1 of the 30 participants. Consequently, all participant data
was included regardless of possible outliers or non-responders present. Homogeneity tests of the
between group factors were performed and showed no significance in regard to sphericity. Due
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to the possible inclusion of zero responses, this researcher reported SCR magnitude with a Log
+1 correction to account for these scores and reported on the frequency of Event Related SCRs
(See Table 4).
As mentioned by Biehl (2015) and Bumgarner (2015) the ecological validity of this study
may be a limitation. If this study had good ecological validity then the results of research could
be generalized to real world conditions (Field, 2009). The dissonant excerpts utilized for this
study were created by shifting the pitch of all leading tones either up or down and removing all
elements of expression from them. Additionally, some of the excerpts (both consonant and
dissonant) contained abrupt beginnings or endings which is also not commonly heard in music.
Koelsch et al. (2008) reported results in their study which found that unexpected musical
elements, such as dissonant chords, modulated a significant change in EDA. The same study also
found however, that removing elements of musical expression such as variations in tempo and
loudness did not have an effect on EDA reactivity. In another study, independent changes in
timbre, tempo, and loudness in music did elicit significant peripheral physiological responses
including changes in EDA (Chuen, Sears, & McAdams, 2016). These and other contextual
factors including participants personality or initial state of arousal should be considered before
drawing strong generalizable conclusions from the data (Juslin & Vastfjall, 2008). Much is yet to
be understood about music processing given the ways that the elements of how the music is
presented and what specific musical expectations are held by the listener.
Dawson (2007) reviews several general limitations of EDA measurement. First, that EDA
is a response that takes 1-3 seconds for a response to begin and therefore may be difficult to
interpret when using a longer stimulus over several seconds as the researcher may find it difficult
to know which part of the musical stimulus elicited the response. EDA is also a very sensitive to
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a wide variety of stimuli including novelty, surprise, intensity, and arousal content and may not
be a clearly interpretable measure of any specific psychological process without adequate context
from other measures. One measure commonly used, and used by Dellacherie (2010), but not in
this study is Heart Rate (HR). HR can help parse out different psychological or physiological
states that can help better interpret EDAs meaning.
Suggestions for Future Research
The results of this study add to a body of research that is exploring dissonance and its
connection with emotion and arousal. The EDA results indicate that musical training may cause
increased arousal sensitivity to dissonance. This thesis is supported by data analyzed from the
other researchers in this study (Biehl, 2015; Bumgarner, 2015) and explains further connection to
emotional enhancement regarding more unpleasant responses to dissonance from musicians.
Further research could include several enhancements to increase the reliability, validity,
and generalizability of these findings. First, testing SCL and SCR responsivity for EDA by
adding test trials and a maximal EDA response procedure would increase the ability of the
research to maintain validity and better test reliability. Also, stimuli could be adjusted to
incorporate more normalized musical characteristics to enhance generalizability. Perhaps, culture
or genre preference could be used to incorporate music which is familiar to all participants and
could be measured as a separate factor to explore familiarity and novelty.
Further research on this topic may provide insight to the use of music to regulate
emotion. For example, a hospice music therapist may choose music with less dissonant chords or
melodies to play for a dying person whom they know to have studied music. A music therapist
could interpret further investigations of this topic to utilize more dissonance with a patient who is
lethargic or withdrawn to increase their state of arousal for social engagement. Parents may
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incorporate these theses to incorporate musical consonance or dissonance to modulate behavior
or attention, to enhance learning and development. This information, given further investigation
and replication, could be utilized in many ways to assess the appropriateness of more consonant
or more dissonant musical stimuli.
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Appendix A
Recruitment Script
Greetings!
My name is Rebecca J. Bumgarner, and I am a graduate student in music therapy at Western
Michigan University. I would like to invite you to participate in my research study
“Psychophysiological and Emotional Responses to Musical Dissonance in Musicians and Nonmusicians.”
You may participate if you are a student at Western Michigan University, aged 18-99 years.
This study seeks to investigate the effects of musically dissonant sounds on psychophysiological
and emotional responses in both musicians and non-musicians.
Your participation will contribute to knowledge concerning physiological reactions to music, and
its potential contribution to subsequent clinical research.
Participation in this study will require a one-hour commitment, one time only.
The study will take place in the BRAIN Lab, located in room 2019 on the second floor of the
Health and Human Services building.
You will be financially compensated for your participation in the study with a $10 gift card.
Interested? Please contact me by email (rjbumgarner@gmail.com) or by phone (620- 870-0311)
for further information.
Thank you in advance for your consideration, Rebecca J. Bumgarner
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Appendix B
Recruitment Follow-up Script
Greetings!
Thank you for your interest in my research study.
Participation in this study will require one hour of your time.
The study involves listening to forty 7-second excerpts of music with a short break between each
excerpt.
After each excerpt you will be asked to rate the perceived pleasantness of each excerpt on a
numeric scale.
Additionally physiologic measures such as muscle activity and skin conductance will be
measured while you are listening to the excerpts.
You will be compensated for your participation in this study with a $10 gift card.
If you have further questions or require further clarification, please do not hesitate to contact me
by email (rjbumgarner@gmail.com) or by phone (620-870-0311).
If you do not have any further questions and are still interested in participating, please choose
one of the following times that is convenient for you to participate in my study:
(Insert or state the following two weeks’ available dates and times)
Thank you for your interest, Rebecca J. Bumgarner
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Appendix C
Informed Consent Form
Western Michigan University School of Music
Edward A. Roth, MM, MT-BC
Rebecca J. Bumgarner, MT-BC
Psychophysiological and Emotional Responses to Musical Dissonance in Musicians and Nonmusicians

You have been invited to participate in a research project titled “Psychophysiological and
Emotional Responses to Musical Dissonance in Musicians and Non-musicians.” This project will
serve as Rebecca J. Bumgarner’s master’s thesis for the requirements of the Master of Music
degree in music therapy. This consent document will explain the purpose of this research project
and will go over all of the time commitments, the procedures used in the study, and the risks and
benefits of participating in this research project. Please read this consent form carefully and
completely and please ask any questions if you need more clarification.
What are we trying to find out in this study?
The purpose of this study is to determine if, and to what extent, musicians respond differently to
dissonance in music than non-musicians. Information regarding both self- report and
physiological measures will be gathered.
Who can participate in this study?
This study is open to any Western Michigan University student who does not report a hearing
impairment that significantly decreases their ability to perceive auditory spectral content.
Participants will be categorized as having high experience (HE) or low experience (LE) in music.
Experience level will be determined by a brief questionnaire.
Where will this study take place?
All procedures will take place in the BRAIN Lab, located in room 2019 on the second floor of
the College of Health and Human Services building at Western Michigan University.
What is the time commitment for participating in this study?
This study requires participants to commit to a one-hour time block, one time only.
What will you be asked to do if you choose to participate in this study?
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If you should choose to participate in this study, you will be asked to do the following: 1)
Complete a brief questionnaire to determine your level of music experience.
2) Allow student researcher to place noninvasive electrodes on your brow, cheek, and nondominant hand.
3) Listen to short musical excerpts through headphones while seated.
4) Indicate on a numeric scale to what extent you found the excerpts to be pleasant.
What information is being measured during the study?
This section will describe the measurements that we are going to take during your participation
in the study.
The two physiological measures that will be obtained include muscle contraction and arousal.
Muscle contraction will be measured via noninvasive facial electromyography (EMG).
Electrodes will be placed both between your eyebrows and on your cheek.
Electrodes will also be placed on the pointer finger and at the base of your thumb on your nondominant hand. These will measure skin conductance response, which when increased, is
identified as an indication of arousal.
Additionally you will be asked to indicate on a numeric scale to what extent you found the
excerpts to be pleasant
What are the risks of participating in this study and how will these risks be minimized?
The only potential risk of participating in this study is the possibility of a minor skin irritation
related to the electrodes. The risk, already minimal, will be further minimized by proper usage of
electrode gel and placement. There are no known risks associated with the listening task.
What are the benefits of participating in this study?
There are no known direct benefits of participating in this study. Your participation will
contribute to knowledge concerning physiological reactions to music, and its potential
contribution to subsequent clinical research.
Are there any costs associated with participating in this study?
The only cost associated with participation in this study is one hour of time.
Is there any compensation for participating in this study?
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You will be compensated with a $10 gift card for your participation in this study.
Who will have access to the information collected during this study?
Only the principal investigator and student investigator will have access to the information
collected during this study. Your data will be de-identified and stored in a locked cabinet in the
principal investigator’s office.
What if you want to stop participating in this study?
You can choose to stop participating in the study at anytime for any reason. You will not suffer
any prejudice or penalty by your decision to stop your participation. You will experience no
consequences either academically or personally if you choose to withdraw from this study.
The investigator can also decide to stop your participation in the study without your consent.
Should you have any questions prior to or during the study, you can contact the principal
investigator, Edward A. Roth at 269-387-5415 or edward.roth@wmich.edu or the student
investigator, Rebecca J. Bumgarner at 620-870-0311 or rjbumgarner@gmail.com. You may also
contact the Chair, Human Subjects Institutional Review Board at 269-387-8293 or the Vice
President for Research at 269-387-8298 if questions arise during the course of the study.
This consent document has been approved for use for one year by the Human Subjects
Institutional Review Board (HSIRB) as indicated by the stamped date and signature of the board
chair in the upper right corner. Do not participate in this study if the stamped date is older than
one year.
----------------------------------------------------------------------------------------------------------I have read this informed consent document. The risks and benefits have been explained to me. I
agree to take part in this study.
Please Print Your Name:_____________________________________________
Participant’s signature __________________________________________Date_____________
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Appendix D
Music Experience Questionnaire
Participant #:
Gender:
Age:
Year in college: Major/Minor:
1. Have you received institutional training in music? Yes No a. How many years?_________
2. Have you received music lessons in the past three years? Yes No
a. Vocal (part?)________________________________________
b. Instrumental (instrument/s?)____________________________
3. Approximately how many hours per week do you practice music?____
4. Are you self-educated in music? Yes No
a. Please explain____________________________________________
5. Approximately how many hours per week do you listen to music?____
6. Approximately how many hours per week do you listen to music with attention (i.e., not just
as background to driving/doing chores/etc)?_____
7. On average, do you attend at least one live music event per month? Yes No
a. What type of concerts (e.g., symphony, rock, jazz)?__________
8. Please mark any music genres you regularly listen to and enjoy:
Popular
New Age
Country/Folk
Rock
Gospel/Contemporary Christian Musicals/Showtunes Rap/Hip-Hop
Classical
Atonal/Avant-garde
Jazz/Swing
Free Jazz Other___________________
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Appendix E
Listening Excerpts from Prior Studies

(Peretz, Gagnon, & Bouchard, 1998, p. 140)
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Appendix F
Pleasantness Rating Scale
Participant #:
Listening Block:

Perceived Pleasantness
Please rate each excerpt on a scale of -5 (very unpleasant) to 5 (very pleasant), by circling the
appropriate rating when prompted.

Unpleasant
1.
-5

-4

-3

-2

-1

0

1

2

3

Pleasant
4
5

2.

-5

-4

-3

-2

-1

0

1

2

3

4

5

3.

-5

-4

-3

-2

-1

0

1

2

3

4

5

4.

-5

-4

-3

-2

-1

0

1

2

3

4

5

5.

-5

-4

-3

-2

-1

0

1

2

3

4

5

6.

-5

-4

-3

-2

-1

0

1

2

3

4

5

7.

-5

-4

-3

-2

-1

0

1

2

3

4

5

8.

-5

-4

-3

-2

-1

0

1

2

3

4

5

9.

-5

-4

-3

-2

-1

0

1

2

3

4

5

-4

-3

-2

-1

0

1

2

3

4

10.
-5
Unpleasant
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5
Pleasant

Appendix G
LE & HE Subjective Ratings
Ratings
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LE Subjective Ratings
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Appendix H
Participant Demographics
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Appendix I
HSIRB Approval Letter
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